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Thyroid cancer incidence rates have increased steadily in the
United States and elsewhere. Radiation exposure at a young age is
a strong risk factor, but otherwise the etiology is unclear. To
explore etiologic clues, we studied the risk of thyroid cancer after
an earlier primary cancer, as well as the risk of developing multi-
ple primaries after an earlier thyroid cancer in the U.S. Surveil-
lance, Epidemiology and End-Results (SEER) cancer registries
program (1973-2000). In 2,036,597 patients diagnosed with any
invasive cancer who survived for a minimum of 2 months, we
observed a 42% increased risk compared to the general popula-
tion for second thyroid cancer based on 1,366 cases (95% confi-
dence interval (CI) = 35-50%:; excess absolute risk (EAR) = 0.38/
10,000 person-years (PY)). Elevated risks were observed after
most cancer sites studied. The most pronounced excess (observed/
expected (O/E) = 2.86) was seen for second thyroid cancers
detected in the year after diagnosis of the first cancer. Among
29,456 2-month thyroid cancer survivors, 2,214 second cancers
occurred (O/E = 1.11, 95% CI = 1.06-1.15; EAR = 7.64/10,000
PY). Again, the highest risk was seen in the first year (O/E =
1.26). Patients <40 years of age at diagnosis of thyroid cancer had
a 39% increased risk of a second cancer, whereas for older
patients the risk was elevated 6%. We observed consistently
increased risks for cancers of the breast, prostate, and kidney, and
a likely radiation treatment-related excess of leukemia. Based on
small numbers of cases, cancers of the salivary glands, trachea,
scrotum, adrenal glands, and brain and central nervous system
(CNS) also occurred in excess. A decreased risk was observed for
smoking-related malignancies. Thyroid cancer is associated with
primary cancers of many different organs. Although enhanced
medical surveillance likely plays a role, 2-way, positive associa-
tions between thyroid cancer and cancers of the breast, prostate,
kidney, salivary glands, brain and CNS, scrotum, and leukemia
suggest etiologic similarities and possible treatment effects.
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Approximately 1.5% of new cancers diagnosed in the United
States in 2001 were malignancies of the thyroid gland. While the
incidence rates are low, they have been increasing over recent de-
cades in many areas of the world." In the United States, about
90% of thyroid cancers are papillary or follicular adenocarcinoma,
while anaplastlc and medullary cancers account for less than 5%
each.” The 10-year relative survival rate for thyroid cancer is close
to 95%,” although the progn051s for anaplastic thyr01d cancer is
dismal, with few patients surviving beyond 1 year.* The demo-
graphic characteristics of thyroid malignancies are different from
most other cancers. There is a 1:3 male-female ratio and an
unusual age distribution.’ Unlike other malignancies, female thy-
roid cancer rates increase steeply from the mid-teens until age 50,
i.e., around menopause, and steadily decrease thereafter. In males
the early increase is less steep and continues through age 70." As a
result, the male-female ratio is most pronounced during the female
reproductive period. These observations coupled with other epide-

'SEER-9 includes the following regions: Connecticut, Detroit,
Hawaii, Iowa, New Mexico, San Francisco-Oakland, Utah, Seattle-Puget
Sound, Atlanta.
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miologic ﬁndings5 suggest that sex hormones play a role in female
thyroid carcmogenesm but so far a unifying mechanism has not
been defined.®

Exposure to ionizing radiation at a young age is a strong and
established risk factor for papillar Y thyroid cancer and, to a lesser
extent, follicular thyr01d cancer.” A history of thyroid disease,
notably bemgn nodules, is also associated with increased thyroid
cancer risk.® A very small proportion of nonmedullary thyroid
cancers have been associated with family cancer syndromes such
as Cowden’s syndrome9 and familial adenomatous polyposis
(FAP),' but familial clustering unrelated to known cancer syn-
dromes has also been described.'®'> The current btudy aims to
describe and quantify the occurrence of thyroid cancer in conjunc-
tion with other malignancies.

Material and methods

We evaluated the risk for subsequent cancers among survivors
of thyroid cancer, as well as the patterns of risk for thyroid cancer
as a second primary after any other cancer in the population-based
cohort of cancer survivors from the U. S Surveillance, Epidemiol-
ogy and End-Results (SEER) program.'? The SEER program col-
lects data on all persons diagnosed with cancer residing in several
geographically defined regions where reporting to cancer registries
is mandated by law. Quality control, with a required 98% case
ascertainment, is conducted annually in all SEER registries. The
SEER database includes information on patient demographics, as
well as tumor site, histology, date of diagnosis, source of diagno-
sis, date of death, and first course of treatment for each recorded
mahignancy Our study uses data from the original 9 SEER regis-
tries” that collectively cover 9% of the U.S. populatlon and have
sufficient follow-up time for evaluating second primaries.”

Cancer patients who were diagnosed with an invasive tumor
between 1973 and 2000 and who survived at least 2 months after
initial diagnosis are included in the present analyses. Nonmela-
noma skin cancers and secondary cancers developing within the
first 2 months after diagnosis were excluded from our analyses.
All other secondary invasive malignant neoplasms (second, third,
fourth, etc., cancers) were ascertained through linkage with cancer
registry incidence files.

Abbreviations: CI, confidence interval; CLL, chronic lymphocytic leu-
kemia; CNS, central nervous system; E, expected number of cancer cases;
EAR, excess absolute risk; FAP, familial adenomatous polyposis; ICD-O,
International Classification of Diseases in Oncology; O, observed number
of cancer cases; O/E, observed/expected ratio; PY, person-years; SEER,
Surveillance, Epidemiology and End-Results. TSH, thyroid stimulating
hormone.
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Person-years (PY) at risk in the study cohort were accumulated
by age, ethnic group (whites/unknown, blacks, other), sex, and
calendar year periods from 2 months after the date of diagnosis of
the first cancer to the date of either last follow-up, death, or
December 31, 2000, whichever occurred first. Site-specific cancer
incidence rates from the U.S. population were obtained from
SEER by ethnic group, sex, 5-year age groups, and 5-year calen-
dar periods, and were multiplied by the accumulated PY in the
study cohort to estimate the expected number of cancer cases. The
total number of observed (O) and expected (E) multiple cancers
were then summed, with the relative risk defined as the ratio of
observed and expected cases (O/E). Statistical tests and 2-sided
95% confidence intervals (CIs) were based on the assumption that
the observed numbers of multiple tumors follow a Poisson distri-
bution. To compute the excess absolute risk (EAR) of secondary
cancers, that is, the average additional number of cancer patients
per 10,000 cancer survivors per year, the expected number was
subtracted from the number of observed cases, and the difference
divided by the PY at risk. The number of excess cases was then
expressed per 10,000 PY. For sex-specific cancers, PY for the
respective sex were used. We repeated all analyses, excluding sec-
ondary cancers identified through autopsy or death certificate only.
Histologic subtypes of differentiated thyroid cancer were defined
based on the International Classification of Diseases in Oncology,
second revision (ICD-0-2)'* as follows: papillary (8050, 8260,
8340, 8350, 8450), follicular (8290, 8330-8332), and medullary
(8510, 8511).

Results
Secondary thyroid cancer after any first cancer

The analyses of second primary thyroid cancer risk were based
on a cohort of 2,036,597 eligible 2-month cancer survivors regis-
tered in SEER. The cohort was 51% male and 86% white (Table I).
The median follow-up was 3 years, 19% of the cohort having more
than 10 years follow-up after initial cancer diagnosis, and only 4%
more than 20 years. Male cancer survivors were, on average, older
at first cancer diagnosis than females (median = 67.0 vs. 64.3
years, respectively) and were followed for a shorter period
(median = 2.6 vs. 3.6 years, respectively). Among the 1,366
patients with secondary thyroid cancer, the 5 most common first
cancer sites included female breast (n = 345), prostate (n = 133),
colon (n = 97), melanoma (n = 93), and lung (n = 84). The over-
all risk of thyroid cancer after any malignancy was 42% higher
than expected (Table II), with significant excesses observed for
both males and females (data not shown). The EAR was 0.38/
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10,000 PY. White (O = 1,144, O/E = 1.38, 95% CI = 1.30-1.46)
and black (O = 66, O/E = 1.46, 95% CI = 1.13-1.85) cancer sur-
vivors were at equal risk of thyroid cancer, although patients of
other ethnic groups (O = 156, O/E = 2.12, 95% CI = 1.80-2.47)
seemed to be at slightly higher risk. The most pronounced excess
(O =342, 0/E = 2.86, 95% CI = 2.56-3.18) was for thyroid can-
cers detected in the year after the initial cancer diagnosis, although
long-term (>10 years) cancer survivors also remained at greater
risk than the general population (O = 260, O/E = 1.21,95% CI =
1.07-1.37). Elevated secondary thyroid cancer risks were seen for
most cancer sites listed in Table II, including the upper aerodiges-
tive tract, liver, pancreas, female breast, male genital organs, kid-
ney, melanoma, brain and central nervous system (CNS), thyroid,
bone and soft tissue, and Hodgkin lymphoma and leukemia. The
diagnosis of 180 (13.2%) secondary thyroid cancers was based
solely on autopsy findings or death certificate, compared to 2.6%
of all thyroid cancers registered in SEER. When excluded, the risk
of secondary thyroid cancer after any cancer decreased slightly
(O/E = 1.29,95% CI = 1.22-1.37), but remained statistically sig-
nificant, a pattern also seen after cancers of the buccal cavity, sali-
vary glands, kidney, and leukemia. Previously high thyroid cancer
risks after cancers of the esophagus (O/E=1.13), stomach (O/E =
1.20), liver (O/E = 2.51), pancreas (O/E = 0.79), lung (O/E = 1.32),
scrotum (O/E = 8.42), and brain and CNS (O/E = 1.75) decreased
substantially and were no longer statistically significant.

Patients with 2 thyroid cancers (O = 50) might have had recur-
rent disease instead of new primary tumors. In all, 30 patients had
2 papillary tumors, 1 patient had 2 follicular tumors, and another 14
patients had combinations of papillary and either follicular or unspe-
cified carcinoma. In clinical practice, the second thyroid cancers
diagnosed in these 45 patients would usually be classified as recur-
rences rather than new primary tumors. The remaining 5 patients
were diagnosed with thyroid tumors that would be defined as inde-
pendent primary cancers, i.e., papillary/medullary (n = 3), follicu-
lar/medullary (n = 1), and papillary/mucinous adenocarcinoma
(n = 1). When we repeated the analyses of secondary thyroid cancer
among 2-month cancer survivors excluding all individuals with a
first thyroid cancer, the results were similar (O/E = 1.41).

Secondary cancers after a first thyroid cancer

Second cancers occurring among 29,456 2-month survivors of
thyroid cancer were analyzed in a subgroup of the cohort
described above (Table I). In contrast to the entire SEER cohort,
only 25% of the thyroid cancer patients were male, the median
age at first cancer diagnosis was 43 years, and the median follow-
up was approximately 8 years. A considerable proportion of thy-

TABLE I - SELECTED CHARACTERISTICS OF 2-MONTH CANCER SURVIVORS BY TYPE OF FIRST CANCER'

First cancer survivor cohort

Characteristic

Any cancer Thyroid cancer

(n = 2,036,597) (n = 29,456)
n (%) n (%)
Sex
Male 1,038,089 (51) 7,406 (25)
Female 998,508 (49) 22,050 (75)
Race
White 1,750,525 (86) 24,578 (83)
Black 171,501 8) 1,536 5)
Other 105,076 5) 3,116 (11)
Unknown 9,495 (<D 226 (<1
Multiple cancers
1 152,616 1,817
2 14,078 158
3 or more 1,481 27
Any radiation treatment” 630,680 31 11,218 (38)
Median age at first cancer diagnosis (yrs) 65.9 43.2
Median follow-up time (yrs) 3.0 7.9

'U.S. SEER cancer registries, 1973-2000.—Refers to radiation as first course of treatment only.
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TABLE II - OCCURRENCE OF SECOND CANCERS FOLLOWING A FIRST PRIMARY THYROID CANCER, AND OCCURRENCE OF SECOND PRIMARY
THYROID CANCER'

Other primary tumor

Risk of second primary thyroid cancer following any other cancer

Risk of a second primary cancer following thyroid cancer

o O/E 95% CI EAR? o) O/E 95% CI EAR?
All Sites® 1366 1.42% 1.35-1.50 0.38 2214 1114 1.06 - 1.15 7.64
Buccal cavity 42 1.70% 1.22-2.29 0.54 37 0.82 0.58 — 1.13 -0.29
Salivary gland 11 3.26* 1.63 -5.84 1.94 13 2.78* 1.48 - 4.75 0.30
Pharynx 5 1.63 0.52-3.79 0.49 7 0.90 0.36 — 1.86 —-0.03
Esophagus 6 3.17* 1.16 — 6.89 1.64 9 0.56 0.26 - 1.07 -0.25
Stomach 15 1.83% 1.02-3.01 0.71 43 1.21 0.88 — 1.63 0.27
Small intestine 3 1.47 0.29 —4.29 0.40 9 1.42 0.65 —2.70 0.09
Colon 97 1.16 0.94 - 1.42 0.14 182 1.06 0.92 - 1.23 0.39
Rectum 40 1.06 0.75-1.44 0.05 66 0.93 0.72-1.19 —-0.17
Liver 6 7.07* 2.58 - 15.38 4.79 14 1.01 0.55 - 1.69 0.00
Gallbladder 0 — 0.00 — 4.23 —-0.96 3 0.48 0.10 - 1.41 —-0.12
Pancreas 12 4.48* 231-7.82 2.96 36 0.77 0.54 - 1.07 —-0.38
Larynx 25 2224 144 -3.27 0.88 10 0.61 0.29-1.13 -0.23
Lung and bronchus 84 2.10* 1.67 —2.60 0.91 238 0.87* 0.76 — 0.99 -1.26
Trachea 1 10.32 0.13-57.43 7.84 5 14.47* 4.66 —33.77 0.17
Female breast® 345 1314 1.18 — 1.46 0.35 530 1.214 1.11-1.32 436
Cervix’ 26 0.92 0.60 — 1.34 —-0.10 21 0.68 0.42 - 1.04 —0.47
Uterine corpus’ 62 0.84 0.64 - 1.08 -0.17 73 0.84 0.66 — 1.06 —0.64
Ovary’ 32 1.36 0.93-1.92 0.41 55 0.99 0.74 - 1.28 —0.04
Prostate’ 133 1.21% 1.01 - 1.43 0.15 257 1314 1.16 — 1.48 9.00
Testis® 12 1.98% 1.02 -3.46 0.41 7 1.88 0.75-3.87 0.48
Scrotum® 3 11.58* 2.33-33.83 6.51 3 8.13* 1.63 -23.75 0.39
Bladder 45 0.96 0.70 - 1.28 —-0.03 62 0.84 0.65 - 1.08 —0.41
Kidney 45 2.93* 2.14-3.92 1.50 84 2.26" 1.80 - 2.79 1.67
Renal pelvis 3 1.51 0.30-4.41 0.41 8 2.11 091-4.16 0.15
Melanoma 93 2.014 1.62-2.47 0.91 78 1.24 0.98 - 1.55 0.54
Brain and CNS 14 2.19% 1.20 - 3.68 0.72 37 1.54% 1.09 -2.12 0.46
Thyroid 50 1.68* 1.25-2.21 0.72 50 1.68* 1.25-221 0.72
Adrenal gland 0 — 0.00 — 12.49 —-0.48 4 4724 1.27 - 12.09 0.11
Bones and joints 5 2.48 0.80 — 5.80 0.93 6 2.50 091 -5.44 0.13
Soft tissue 14 2.39* 1.30 — 4.00 1.00 13 1.41 0.75-2.42 0.14
NHL 38 1.29 0.91-1.77 0.24 71 0.99 0.77 -1.25 —-0.03
Hodgkin lymphoma 32 3.03* 2.07-4.28 1.43 14 1.67 0.91 -2.81 0.20
Multiple myeloma 9 1.55 0.71 -2.94 0.45 32 1.44 0.99 —2.03 0.35
Leukemia 39 2.52% 1.79 —3.45 1.01 62 1.39* 1.07 - 1.79 0.63

'U.S. SEER cancer registries, 1973-2000.—2Absolute Excess Risk = (0-E)/10,000 PY.—Sexcluding non-melanoma skin cancer.—*95% confi-
dence interval does not include 1.0.—For sex-specific cancers based on respective PY only.—O, observed number of cases; O/E ratio, observed

over expected number of cases; CI, confidence interval.

roid cancer survivors were followed for more than 20 years
(13%), highlighting the good prognosis of thyroid cancer and the
young age at diagnosis. Most thyroid tumors were papillary (78%)
or follicular (15%) adenocarcinomas. The first course of treatment
was surgery for 95% of patients, but 38% of patients had any form
of radiation treatment, usually in conjunction with surgery. Male
thyroid cancer patients were older at thyroid cancer diagnosis than
their female counterparts (47.6 vs. 42.0 years) and had a slightly
shorter follow-up period (7.4 vs. 8.0 years). Among thyroid cancer
survivors, 2,214 secondary malignancies occurred (Table II), cor-
responding to an 11% elevated risk compared to the general popu-
lation and an EAR of 7.64/10,000 PY. Of those, 1,468 occurred
among women (O/E = 1.10, 95% CI = 1.04-1.16) and 746 among
men (O/E = 1.13, 95% CI = 1.05-1.21). The overall finding was
mirrored for whites (O = 1,902, O/E = 1.11, 95% CI = 1.06—
1.16) and patients of other ethnic groups (O = 177, O/E = 1.11,
95% CI = 0.95-1.28), but blacks had a slightly higher risk (O =
134, O/E = 1.31, 95% CI = 1.10-1.55). Results were comparable
for papillary (O = 1,617, O/E = 1.11, 95% CI = 1.06-1.16) and
follicular (O = 434, O/E = 1.08, 95% CI = 0.98-1.19) thyroid
cancers. No increased risk was seen among 884 survivors of
medullary tumors (O = 61, O/E = 0.83, 95% CI = 0.63-1.06).
The highest excess was observed for second cancers diagnosed in
the same year as the initial thyroid malignancy (O = 160, O/E =
1.26, 95% CI = 1.07-1.47), compared to the periods 14 years
(O =619, OE = 1.17), 5-9 years (O = 590, O/E = 1.11), and
more than 10 years (O = 845, O/E = 1.04) after diagnosis. This
effect faded, however, when we excluded 50 second cancers of the

thyroid gland, with O/E ratios of 1.13, 1.18, 1.12, and 1.03 for the
respective latency periods. Relative risks exceeding 2 were
observed for kidney and salivary gland cancer, and for several rare
tumors (<5 expected cases), i.e., renal pelvis, bones and joints,
adrenal gland, trachea, and scrotum (Table II). Only 9 secondary
cancer diagnoses were based on autopsy or death certificate infor-
mation.

Cancer sites positively associated with thyroid cancer
in both directions

We observed an association between thyroid cancer and cancers
of the breast, prostate, kidney, salivary glands, scrotum, brain and
CNS, and leukemia, irrespective of which cancer occurred first.
Breast cancer contributed 36% of all second cancers after female
thyroid cancer, accounting for a 1.2-fold elevated risk compared
to the general U.S. population (O = 530). O/E ratios for breast
after thyroid cancer were elevated throughout the follow-up period
(not shown) and were 1.42 (95% CI = 1.19-1.68) and 1.15 (95%
CI = 1.04-1.27), respectively, for young (<40 years, O = 135)
and older (>40 years, O = 395) women at thyroid cancer diagno-
sis (Table III). Among 503 women with breast cancer after thyroid
cancer, 25 (5%) had 2 malignant breast tumors and 1 woman had
3 malignant breast tumors. Breast cancer risk was comparable for
papillary and follicular thyroid cancer survivors (O/E = 1.25 and
1.13, respectively). Reciprocally, breast cancer survivors had
1.3-fold risk of developing a second primary thyroid cancer (O =
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TABLE III - OCCURRENCE OF THYROID CANCER AS THE FIRST OR SUBSEQUENT PRIMARY CANCER BY AGE
AT DIAGNOSIS OF THE FIRST CANCER FOR SELECTED TUMOR SITES'

Age at first cancer diagnosis (yrs)

Risk of second primary thyroid cancer
following any other cancer

Other primary tumor

Risk of a second primary cancer
following thyroid cancer’

<40 >40 <40 >40

(0] O/E (0] O/E (] O/E O O/E
All Sites* 225 2.06° 1141 1.34° 397 1.39° 1817 1.06°
Salivary gland 6  742° 5 1.95 6 5.99° 7 1.90
Stomach 1 354 14 176 7 2.65° 36 1.09
Colon 4 190 93 1.14 19 1.75° 163 1.02
Lung and bronchus 3 3.02 81 2.08° 20 1.03 218 0.86°
Female breast® 30 128 315 1.32° 135 1.42° 395 1.15°
Uterine corpus® 5 1.55 57 0.81 10 0.81 63 0.85
Ovary® 10 187 22 121 11 0.89 4 1.01
Prostate 0 — 133 1.21° 12 1.84 245 1.29°
Bladder 3 1.90 42 092 6 1.21 56 0.82
Kidney 6 549 39 274 12 247 72 223°
Melanoma 26 1.81° 67  211° 27 1.26 51 1.23
Brain and CNS 6 1.81 8 2.61° 16 2.78° 21 1.15
Thyroid 28 1.98° 22 1.41 28 1.98° 22 1.41
Adrenal gland 0 — 0 — 2 10.20° 2 3.07
Hodgkin lymphoma 31 4.08° 1 034 9 2.08 5 1.24
Leukemia 14 667 25 1.87° 10 1.74 52 1.34°

'U.S. SEER cancer registries (1973-2000).—2All

cancer cohort excluding non-melanoma skin cancer,

age diagnosis <40 yrs: 1,343,175 PY; >40 yrs: 9,464,871 PY.73Thyroid cancer survivors cohort, age at
diagnosis <40 yrs: 135,756 PY : >40 yrs: 144,824 PY.—4Excluding non-melanoma skin cancer.—"95%
confidence interval does not include 1.0.—°For sex-specific cancers based on respective PY only.—O,

observed number of cases; O/E ratio, observed over

345) (Table II), with no variation by age at breast cancer diagnosis
(Table III).

Prostate cancer was the most common second cancer among male
thyroid cancer survivors, with 257 observed cases for a 1.3-fold
increased risk (Table II). Most cases (O = 164) occurred within 10
years of thyroid cancer diagnosis, yielding a 1.46-fold risk (95%
CI = 1.24-1.70), whereas the relative risk was 1.12 (95% CI =
0.90-1.37) and no longer statistically significant among long-term
survivors (O = 93). The excess was seen for both young (O = 12,
O/E = 1.84, 95% CI = 0.95-3.21) and old (O = 245, O/E = 1.24,
95% CI = 1.14-1.47) men at thyroid cancer diagnosis (Table III).
Reciprocally, prostate cancer patients were themselves at slightly
increased risk of thyroid cancer (Table II). The excess was most pro-
nounced in the first year after prostate cancer diagnosis (O = 27,
O/E = 1.70, 95% CI = 1.12-2.47), although a nonsignificant 51%
increase (95% CI = 0.86-2.45, O = 16) was also seen in the rela-
tively small group of 10-year survivors, which included 14% of all
prostate cancer patients (not shown).

After thyroid cancer, we observed an excess risk of kidney can-
cer (O = 84, O/E = 2.26) (Table II), which did not seem to vary
appreciably by age (Table III), sex, time interval since diagnosis,
or histologic subtype of thyroid cancer (not shown). Thyroid can-
cer patients also were at increased risk of renal pelvis (O = 8,
O/E = 2.11), but not bladder cancer (O = 62, O/E = 0.84) (Table
II). Reciprocally, among patients with urinary tract cancers, only
kidney cancer conferred a markedly increased risk of a subsequent
thyroid cancer (O = 45, O/E = 2.93) (Table II).There was, how-
ever, a sharp gradient in risk with time since kidney cancer diag-
nosis, with O/E ratios for thyroid cancer decreasing from 7.57
(95% CI = 4.23-12.48) in the first year (O = 15) to 1.57 (95%
CI = 0.51-3.67) among 10-year survivors (O = 5). Several other
noteworthy second cancer patterns emerged among thyroid cancer
survivors, although based on much smaller numbers of observa-
tions (Table II). There was a large increased risk of salivary gland
cancer (O = 13, O/E = 2.78) and also an elevated reciprocal risk
of thyroid cancer among salivary gland cancer survivors (O = 11,
O/E = 3.26) (Table II). Similarly, we observed an 8-fold increased
risk for scrotal cancer (O = 3) and an 11-fold reciprocal risk (O =
3), including one autopsy-based diagnosis. Melanoma risk was
elevated (O = 78, O/E = 1.24), but, as noted for several other

expected number of cases; CI, confidence interval.

cancers, the risk was strongest in the first year after thyroid cancer
diagnosis (O/E = 1.91) and decreased steadily thereafter to 1.07
among 10-year survivors. Survivors of melanoma also had a sig-
nificantly increased risk of thyroid cancer (O = 93, O/E = 2.01).
Again, risk decreased with increasing follow-up, from 4.70 in the
first year (O = 20) to 1.52 (O = 20) among 10-year survivors. In
addition, a highly increased risk of tracheal cancer after thyroid
cancer was observed (O = 5, O/E = 14), and adrenal cancers
occurred in excess (O = 4, O/E = 4.72) (Table II), in particular
after medullary thyroid cancer (O = 2, O/E = 70.42).

Treatment for first malignancy

Radiotherapy is known to contribute to second tumor risk
mainly among long-term (>10-year) cancer survivors.'>'® Unlike
most other malignancies, the predominant form of radiation treat-
ment for thyroid cancer consists of '*'I-ablation rather than exter-
nal-beam radiation. Information on type of radiation treatment is
reported in SEER from 1988 onward. Of 17,055 thyroid cancer
patients diagnosed between 1988 and 2000, 45% had any radiation
treatment, mostly in conjunction with surgery: 40% had '*'I-abla-
tion and 5% received external-beam or combined modalit’;y radio-
therapy. The remaining 55% had surgery alone. After '*'I-abla-
tion, increased risks of stomach cancer (O = 8, O/E = 2.41, 95%
CI = 1.04-4.75) and leukemia other than the chronic lymphocytic
form (non-chronic lymphocytic leukemia (CLL)) (O = 11, O/E =
3.70,95% CI = 1.84-6.61) were seen (Table IV). Only 2 salivary
gland tumors were observed during the years 1988-2000, both
after '*'I treatment. Risk of breast cancer did not vary by radiation
treatment status (Table IV). While most 1317 is concentrated in the
thyroid gland, much smaller amounts are concentrated in salivary
glands, stomach, small intestine, bladder, and bone marrow. For
the combined group of cancers in organs that concentrate '*'I, we
found almost a 2-fold risk (95% CI = 1.29-2.76) among thyroid
cancer patients given '>'I therapy (O = 29) (not shown). Exclu-
sion of person-time and 90 second cancers that had been diagnosed
2-11 months after thyroid cancer diagnosis had little effect on the
results (Table IV). Table V shows the reciprocal risk of thyroid
cancer after cancers of selected sites by treatment status and time
since first cancer diagnosis. Overall, cancer survivors who had any
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TABLE IV - OCCURRENCE OF SECOND PRIMARY CANCERS, SELECTED SITES, FOLLOWING TREATMENT
FOR THYROID CANCER

Radiation treatment for thyroid cancer”

131

Other radiation

No patients Tonly treatment No radiation treatment
6745 1359° 8951*

Second primary tumor (6] O/E (6] O/E (6] O/E
All sites” 236 1.14 53 121 394 1.19°
Salivary gland 2 3.90 0 — 0 —
Esophagus 2 1.22 2 5.05 0 —
Stomach 8 2.41° 1 1.27 9 1.74
Small intestine 1 1.46 1 6.81 2 1.79
Colon 12 0.76 3 0.84 29 1.09
Female breast’ 53 1.18 9 1.12 95 1.25°
Bladder 7 0.92 1 0.58 14 1.19
Kidney 6 1.46 5 5.69° 10 1.56
Brain and CNS 4 1.56 0 — 7 1.80
Bones and joints 0 — 0 — 1 2.39
Soft tissue 1 0.95 0 — 1 0.63
Non-CLL leukemia 11 3.69° 0 — 6 1.28

'U.S. SEER cancer registries, 1988 2000 Details on radiation treatment modality have only been
registered in SEER from 1988 onwards.—*Excluding person- years and cases occurring 2—11 months after

the first cancer rendered the following results for all sites:

31T only: O = 208, O/E = _L.16; other

radiation treatment: O = 46, O/E = 1.27; no radiation treatment: O = 339, O/E = 1.17.— 3Beam only
(614), radioactive implants only (335), comblnatlon of beam with implants or isotopes (185), radiation
treatment method not specified (42), radiation treatment recommended, unknown if administered
(183)-* Surgery only (8861), refused radiation treatment (34), unknown (56).— Excludrng non-melanoma
skin cancer.—°95% confidence interval does not include 1.0.—"For sex-specific cancers based on respec-
tive PY only.—O, observed number of cases; O/E ratio, observed over expected number of cases; CL,
confidence interval. CLL, chronic lymphocytic leukemia.

TABLE V - OCCURRENCE OF THYROID CANCER AS A SECOND PRIMARY TUMOR BY TIME SINCE FIRST
CANCER DIAGNOSIS AND RADIATION TREATMENT STATUS FOR THE FIRST CANCER'

Risk of second primary thyroid cancer by time since first cancer diagnosis (yrs)

Any radiation treatment

No radiation treatment

First primary tumor <10 >10 <10 >10

(6] O/E (0] O/E (6] O/E (0] O/E
All sites® 317 1.58* 80 1.59% 789 1.45% 180 1.09
Buccal cavity 20 2.32* 1 0.54 17 2.00 4 1.03
Esophagus 6 5.65% 0 — 0 — 0 —
Stomach 2 2.92 0 — 13 2.10* 0 —
Colon 0 — 0 — 81 1.274 16 0.92
Lung and bronchus 35 2.76% 0 — 42 1.89% 7 1.61
Female breast’ 81 1.25 18 1.38 199 1.45% 47 0.98
Prostate 43 1.33 7 2.00 74 1.10 9 1.27
Bladder 2 1.00 0 — 34 0.99 9 0.90
Kidney 3 5514 0 — 37 3.18* 5 1.70
Melanoma 0 — 0 — 73 2204 20 1.53
Brain and CNS 10 3.03* 1 1.00 3 1.97 0 —
Thyroid 11 1.65 0 — 22 1.71% 17 2.06*
Hodgkin lymphoma 4 1.00 18 6.73* 5 1.82 5 4.48*
Leukemia 2 3.67 3 8.62% 30 2.45% 4 1.73

'U.S. SEER cancer registries, 1973-2000.—%All

cancer cohort excluding non-melanoma skin cancer,

radiation treatment, <10 yrs: 2,278, 899 PY; >10 yrs: 526,196 PY; no radratron treatment, <10 y:
6,301,088 PY; >10y: 1 701,861 PY.— Excludrng non-melanoma skin cancer;—*95% confidence interval
does not include 1.0—>For sex- specific cancers based on respective PY only.—O, observed number of
cases; O/E ratio, observed over expected number of cases; CI, confidence interval.

radiation treatment during the first course of treatment had 1.6
times the rate of thyroid cancer compared to the general popula-
tion (O = 397). During the first 10 years, increased risks for
thyroid cancer were seen for several cancer sites, irrespective of
treatment status (Table V). Exclusion of autopsy or death certifi-
cate-based diagnoses, however, strongly reduced the high risks for
thyroid cancer during the first 10 years for patients who had radia-
tion treatment for cancers of the esophagus, lung, and kidney
(O/E = 2.02, 1.00, and 0, respectively). Among long-term cancer
survivors given radiation treatment, only patients with Hodgkin
lymphoma (O = 18, O/E = 6.73, 95% CI = 3.99-10.64) and leu-
kemia (O = 3, O/E = 8.62, 95% CI = 1.73-25.19) had strongly

elevated risk of thyroid cancer (Table V). Long-term survivors of
Hodgkin lymphoma whose initial treatment did not involve radia-
tion were at increased thyroid cancer risk as well (O = 5, O/E =
4.48,95% CI = 1.44-10.46).

Smoking

Lung cancer patients were at increased risk of thyroid cancer
(O = 84, O/E = 2.10), although less clearly when autopsy and
death certificate diagnoses of thyroid cancer were excluded (O =
50, O/E = 1.32). In contrast, after thyroid cancer we observed sig-
nificantly reduced risks for lung cancer (O = 238, O/E = 0.87)
and for the group of classic smoking-related cancers,'® i.e., buccal
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cavity (excluding salivary glands), lung, larynx, esophagus, pan-
creas, renal pelvis, and bladder (O = 387, O/E = 0.82).

Discussion

Our systematic evaluation of multiple cancers associated with
thyroid malignancies revealed that the incidence of a second thy-
roid cancer was elevated after most first primary cancer sites and
that the incidence of several cancers was increased after a first thy-
roid cancer. Several cancer sites showed significantly increased
risks in both directions, including salivary glands, breast, prostate,
kidney, scrotum, brain and CNS, and leukemia.

Methodologic aspects of the study and their implications for the
interpretation of our findings deserve attention. O/E-based analy-
ses use a general population reference group. Many competing
factors may influence the risk of a second cancer, such as common
etiologic factors, treatment effects, enhanced probability of detect-
ing otherwise indolent cancers because of dlagnosnc workup for
the first cancer, or intense medical surveillance.'>~"” In general, if
the first cancer is associated with poor survival or elevated mortal-
ity from other conditions, a population comparison will underesti-
mate second cancer risks, while diagnostic misclassification of
metastases or recurrent disease as second primary malignancies
and autopsies may result in overestimated risks, especially when
the period between first and second tumors is long. For example,
diagnostic misclassification of recurrent thyroid tumors has likely
contributed to the increased risk of a second thyroid cancer in our
analysis. The SEER program coding rules state that any new thy-
roid malignancy diagnosed more than 2 months after a first thyroid
cancer should be recorded as a new primary. In clinical practice,
however, such tumors are generally considered to be recurrences,
except in rare occasions when histologic features suggest that they
are truly independent primaries. Unfortunately, there is no objec-
tive way of determining whether 2 thyroid tumors are recurrences
or new primaries. The estimate of second primary thyroid cancer
risk among survivors of a first thyroid cancer is likely biased; the
estimate of thyroid cancer risk among all cancer survivors, how-
ever, was not substantially affected. Metastases from differenti-
ated thyroid cancer are rare, with lung and bone reportedly being
the most common sites (affecting 2-10% of patients) in 2 large
clinical series,'®'® but th¥r01d metastases from other primaries
occur more frequently, sometimes mimicking primary thyroid
cancer.’®?! Since SEER registers the first course of treatment
only, radiation treatment information may be incomplete. Finally,
risk estimates likely are underestimated because some second can-
cers are missed due to patient migration outside of the cancer
registry’s catchment area and privacy rules prohibit record sharing
within the SEER registries. Major strengths of the current analyses
include the large number of patients and the long follow-up. This
wealth of data permits evaluation of trends by latency and age, as
well as detection of effects for less common cancer sites, and in
several patient subgroups. Two other th}/rmd cancer cohorts
included less than 7,000 survivors each,”** compared to nearly
30,000 in our survey.

Thyroid cancer is predominant in women, and studies of repro-
ductive factors hdve shown weak to moderate associations with
thyroid cancer risk.” In agreement with U.S. and Israeli, 26-29 byt
not European®*%3! studies, we found small associations between
thyroid and breast cancer, with no evidence of radiation-related
risk.”>??  Although breast and follicular thyroid cancers are
among the 1nal1gnanc1es included in the rare genetic syndrome
Cowden’s disease,” in our study, increased risks of breast cancer
were seen after both papillary and follicular thyroid cancers.
Because these familial cancer syndromes are uncommon, only a
very small proportion of thyroid cancers are expected to be
related to them.'”

As in some other studies, we saw moderately increased risk of
prostate cancer, mainly in the first decade after thyroid cancer
diagnosis,”**" and of thyroid cancer after prostate cancer. Detec-
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tion of otherwise indolent prostate and thyroid malignancies due
to increased medical surveillance likely contributes to these obser-
vations. An 1nvest1gat10n of prostate tumors showed overexpres-
sion of RET protein,*® which plays an important role in thyroid
carcinogenesis;>* however, the relevance of this finding is not
clear. A recent comprehensive analysis of cancer occurrences in
Icelandic families (up to fifth-degree relatives) showed clustering
of thyroid and prostate cancer.

The joint occurrence of cancers of the thyroid gland and kidney
has been reported previously.”**> The increased r1sk of kidney
cancer after thyroid cancer was not specific to '*'I therapy, nor
could it be explained by renal metastases from the thyroid cancer
because they are too rare (<20 reported cases worldwide).>® The
reciprocal risk of thyroid cancer after kidney cancer decreased
substantially with increasing follow-up time, suggesting at least a
partial role of medical surveillance and/or misdiagnosed metasta-
ses, the thgrmd being a common site for metastatic renal cell car-
cinoma.”** A unifying biologic mechanism has yet to be identi-
fied. Other findings of related interest include a h1gh prevalence of
thyroid disorders among renal cell cancer patients,>’ a role of thy-
roid hormone receptors in kidney cancer,®® a report of familial
occurrences of papillary thyroid cancer and papillary renal carci-
noma,” and increased risk of kldney cancer among relatives of
thyroid cancer patients in Iceland.™

Unlike most other cancers, thyroid cancer is often treated with
radiation treatment in the form of '*'I ablation. We were able to
distinguish thyroid cancer patients who had different types of radi-
ation treatment from 1988 onward and found increased risk of
non-CLL after 1311 therapy. Leukemia is a well-known radiogenic
malignancy.*® Of extrathyroid organs, the bladder, stomach, small
intestine, and sal1vary glands are exposed to the highest radiation
doses from "*'I therapy in cancer patlents ' For this combined
group, including non-CLL, a 2-fold risk was shown after '*'I ther-
apy. By site, we also found an increased risk for stomach cancer
among patients treated with '*'I. In the full cohort of patients diag-
nosed with thyroid cancer between 1973 and 2000, 13 salivary
gland cancers were observed for an almost 3-fold increased risk.
Althou%h the salivary glands are sensitive to radiation-induced
cancer,”* only 2 of the 13 patients with salivary gland cancer
had received radiation treatment for their first thyroid cancer. Pos-
sibly, some patients received radiotherapy for benign head and
neck conditions in the 1950s and 1960s, Which has been linked
with both salivary gland and thyroid tumors.” 4 A pooled analysis
from 3 European cohorts of 6,841 thyroid cancer patients (average
follow up = 13 years) reported a dose-response relationship with

311 radiation activity for leukemia and for cancers of the salivary
glands, colon, and bone and soft tissues.”

External head and neck radiation at young age is a strong risk
factor for thyroid cancer.” Radiation treatment-related risks of thy-
roid cancer were only seen among long-term survivors of leuke-
mia and Hodgkin lymphoma. Hodgkin lymphoma survivors not
treated with radiation, however, also had a 4-fold risk of develop-
ing thyroid cancer, indicating a role of other factors, possibly
including immune dysfunction, a known characteristic of Hodg-
kin’s disease and several thyroid disorders.*’

Based on very small numbers, we saw unexpected paired occur-
rences of thyroid and scrotal cancer. This constellation of tumors
also occurred in male rats chronlcally exposed to acrylamide in
drinking water,***’ but not in a mortality study of acrylamide
workers;*® however, few such fatal tumors were expected.*” Two
studies among psoriasis patients reported possibly treatment-
related increased risks for thyroid and male genital nonmelanoma
skin cancers.’%! Although our findings are intriguing, another
explanation is chance, since the number of cases was extremely
small. The 14-fold risk of tracheal cancer might be related to diag-
nostic mlsclass1ﬁcat1or1 of metastatic thyr01d cancer presenting as
endotracheal nodules.>® The trachea is also in the radiation field
for thyroid cancer radiotherapy. In contrast, we found decreased
risks of smoking-related malignancies in thyroid cancer survivors.
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This result may be explained by the repeatedly shown low preva-
lence of smoking among thyroid cancer patients.”* Although sev-
eral observations, including reduced thyroid stimulating hormone
(TSH) levels, increased risk of goiter, and low body weight among
smokers, as well as antiestrogenic properties of cigarette smoke,
provide indirect clues about the biologic basis for this unusual
finding, none provide a satisfactory explanation. In addition, it has
been proposed that social class may confound the results.’® In

summary, thyroid cancer is associated with primary cancers of

many different organs. Although enhanced medical surveillance
likely plays a role, the 2-way positive associations between thy-
roid cancer and cancers of the breast, prostate, kidney, salivary
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glands, brain and CNS, scrotum, and leukemia suggest etiologic
similarities and possible treatment effects.
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